The effect of growth conditions on the specific activity of nicotinamide adenine dinucleotide (NAD)-linked lactate dehydrogenase (LDH) in extracts of Staphylococcus aureus strain SG 511A was examined. Kinetic and electrophoretic experiments, with extracts prepared from aerobically and anaerobically grown cells, provided evidence for only one physiologically significant enzyme. The aerobic level of NAD-linked LDH of S. aureus remained constant and was independent of the carbon source. In contrast, the level of LDH produced in an anaerobic environment was variable and was dependent on the carbon source. Growth anaerobically on pyruvate, as the sole fermentable carbon source, resulted in a maximal level of LDH activity, a value about eightfold greater than the aerobic level. Anaerobic growth either on pyruvate plus glucose or on glucose alone, however, resulted in approximately a threefold decrease in this maximum. Experiments with a hemerequiring auxotroph derived from S. aureus demonstrated that the aerobic level of LDH activity was dependent on a functional respiratory chain.
The end products of glucose catabolism by Staphylococcus aureus vary depending upon the growth conditions. Lactate is the major end product of anaerobic growth, whereas acetate and carbon dioxide are the predominant end products produced aerobically (4) . Collins and Lascelles (3) found that the production of lactate from glucose under anaerobic growth conditions was paralleled by a higher level of lactate dehydrogenase (LDH) activity. The nicotinamide adenine dinucleotide (NAD)-linked LDH activity was approximately eightfold higher under anaerobic growth conditions than the activity found in aerobically grown cells. Kaplan et al. (9) have shown that two principal forms of NAD-linked LDH occur in mammalian tissues. The "muscle" type predominates in organs which are particularly suited for anaerobic metabolism, whereas the "heart" type is found in tissues with a high aerobic metabolism (1, 10, 16) . Goodfriend et al. (5) demonstrated that, under conditions of low oxygen tension, mammalian tissue cultures produced enhanced levels of "muscle" LDH.
In view of the above observations, a study of the NAD-linked LDH activity of S. aureus was undertaken. We found that only one primary enzyme species is produced under different growth conditions, and that the specific activity of the enzyme varies considerably with the conditions of growth.
MATERIALS AND METHODS
Organiisms and culture media. The S. aureus strains (SG 51 1A and SG 51 iVar) used in this study have been described elsewhere (4) . Strain SG 51 iVar was a heme-requiring auxotroph derived from the parent strain SG 51 1A. The maintenance of stock cultures and the composition of the basal medium used have been reported previously (4) . The basal medium contained a mixture of amino acids, vitamins, and salts. This medium was supplemented after autoclaving, as indicated in the text. Uracil is required for anaerobic growth of S. aureus (14) . All anaerobic cultures were therefore supplemented with uracil, and, in some experiments, for comparative purposes, aerobic cultures were similarly supplemented.
Growth and harvesting of organisms. Cultures were grown aerobically in 2.5-liter flasks, containing from 0.5 to 1.0 liter of medium, on a reciprocal shaker at 80 cycles per min. Cells were grown anaerobically in screw top flasks which were filled completely with medium. All cultures were incubated at 37 C. Turbidity was measured with a Klett-Summerson colorimeter, and cultures were harvested in the late exponential phase of growth by centrifugation at 2,500 X g for 10 Figure 1 shows the pyruvate saturation curve for an extract prepared from (Fig. 2) . Another band of activity was also noted (Fig. 2) Fig. 1 , was 2.5 X 10-3 M.
b Additions: 0.05 M glucose and 0.02 M pyruvate. Anaerobic cultures were also supplemented with 10-4 M uracil.
-Specific activity at 7.5 X 10-4 M pyruvate/ specific activity at 10-2 M pyruvate. (Table 2) .
Under anaerobic conditions, the LDH activity of cells grown with pyruvate as the sole fermentable carbon source was approximately eight times higher than the aerobic level (Table  3) . Anaerobic growth, either on glucose alone or on glucose plus pyruvate, resulted in only about a threefold increase in LDH activities compared to the aerobic levels ( Table 3) .
Effects of oxygen and a functional cytochrome system on the specific activity of lactate dehydrogenase in extracts of S. aureus. The effect of aerobiosis on the level of LDH activity was examined with a mutant strain of S. aureus. This mutant strain required added heme for the development of respiration by a cytochrome system (7) . When grown without heme, this organism produced similar enhanced levels of LDH both aerobically and anaerobically (Table  4) . A decrease in the specific activity of LDH aerobically occurred only upon addition of heme to the growth medium. Such supplementation, however, did not significantly affect the anaerobic level of enzyme activity (Table 4) . DIscUSSION The results of this study provide evidence for only one physiologically significant species of NAD-linked LDH for S. aureus. Examination of the aerobic and anaerobic levels of this enzyme showed that LDH could assume several levels during anaerobic growth, depending on (17) .
The results of the experiments with the hemerequiring mutant showed that control of LDH activity was not governed by oxygen per se but required, in addition to oxygen, the presence of a functional cytochrome system. Regulation of LDH and alcohol dehydrogenase levels in a quinone-deficient strain of Escherichia coli has also been shown to be dependent upon a functional respiratory chain (8) . In contrast, oxygen per se appears to play a fundamental role in determining the activities of S. aureus nitrate reductase (2), E. coli fumarate reductase (8) , and mammalian "muscle" LDH (5).
The observed changes in the specific activity 
